This paper presents the results of studies of the natural fracture distribution encountered in 10 test wells drilled in three areas of the United States. Seven of the wells were drilled to depths of 200-250 m, while three were drilled to depths of about 1 kin. Using an ultrasonic borehole televiewer, fracture depths, strikes, and dips were determined. Steeply dipping fractures were found throughout each of the wells, and in general, few horizontal fractures were observed. Statistically significant fracture pole concentrations were found for each well which were basically invariant with depth, although some variation of fracture orientation with depth was found in two wells. The significant fracture orientations were not found to be the same in wells only several kilometers apart in a given region. In none of the wells did the number of observable fractures decrease markedly with increasing depth. No simple relationship of fracture orientation or fracture density with major structural features such as the San Andreas fault were observed, and no simple relation between the significant fracture orientations and either past or present regional stress fields could be determined.
factor as a rough well bore makes detection of fine features quite difficult. Except for highly fractured intervals, the conditions in the Mojave and Monticello wells were nearly ideal, and all fractures were apertures of more than a few millimeters were probably detected. The conditions in the Limekiln Valley wells were highly variable. In heavily fractured, poor picturequality intervals, only a subset of the total fracture population could be analyzed. All of the wells were drilled as undeviated, vertical holes. Deviation surveys run in the later wells confirmed that the wells were essentially vertical.
As Televiewer surveys were run in each well from total depth (TD) to the top of the water column or the bottom of casing, in either case, usually to within several meters or tens of meters of the surface. Only those features for which the sinusoidal signature could be resolved were picked as fractures.
There are two major limitations in the analysis of fracture orientation from televiewer data. First, with the televiewer, only the orientation of a small portion of a fracture plane is actually observed. On a large scale, many fractures may appear planar, but when restricted to viewing only small portions of the entire fracture, variations of strike and dip by as much as 10 ø may be apparent. Thus, in trying to determine preferred fracture orientation, data from televiewer surveys may result in more scatter and lower levels of statistical significance for preferred orientations than would be found in surveys which consider larger portions of the fractures. The second problem is that nearly vertical fractures are not often intersected by vertical wells. Thus, there is a bias in the method as vertical fractures are not sampled.
To evaluate the distribution of fracture orientations, poles to fracture planes for all dipping fractures in each well were plotted on a lower hemisphere, equal-area projection. To obtain an estimate of the statistical significance of these pole groupings (and thus to arrive at an estimate of the preferred fracture orientations), orientation-density diagrams were prepared using a method described by Karnb [1959] . The pole densities were contoured in intervals of 2a, where a is the standard deviation of the total number of points in a given area under random sampling. The expected density E for no preferred orientation is 3a. The standard deviation and the sampling area used in preparing these diagrams are both determined by a statistical relation based upon the number of poles plotted. The number of poles N, the sample area A, given as a fracture of the total area of the hemisphere, the expected density E, and the standard deviation a are given for each plot. Observed densities that differ from E(3a) by more than 2 or 3 times the standard deviation (i.e., >6a) are likely to be significant, particularly if the higher densities are clustered in one section of the diagram. An example of the method is presented in Figure 3 ; the number of poles N is 165, the sample area A is 0.05, the expected density E is 8.6, and the standard deviation a is 2.9. As shown in Figure  3b , the only statistically significant pole concentrations in Figure 3a are two clusters with mean strikes and dips of about N20øW, 63øSW, and N52øW, 55øNE.
DATA AND INTERPRETATION

Mojave Desert Wells
Five wells were drilled in the western Mojave desert as part of an in situ stress measurement program along the locked portion of the San Andreas fault in southern California. The sites lie along the part of the fault that last ruptured in the 1857 Fort Tejon earthquake. Throughout the western Mojave desert, Tertiary formations rest unconformably upon a surface of pre-Tertiary crystalline rocks that underwent deep erosion during late Cretaceous and early Tertiary time [Dibblee, 1967] . In middle to late Miocene time the Mojave block was deformed primarily by normal faulting along northwest trending faults [Dibblee, 1967] . Geologic and paleomagnetic studies indicate that as much as 10% north-south shortening of the wedge between the Garlock and San Andreas faults may have occurred during the Pliocene and Quaternary [Ponti and Burke, 1979] . This shortening has been accommodated by strike slip faulting on northwest striking faults, thrust faulting on eastwest trending faults, folding, and possible block rotation. The nature of the deformation is consistent with an applied north- Televiewer picture quality was generally good in wells LKB and LKC, but well LKD was so intensely fractured that the overall data quality is relatively poor. The fracture density (number of fractures per meter) is greater in these wells than in any of the other wells studied (compare Figures 6, 16, and 19) . At Monticello Reservoir, the current local stress field has been determined by in situ stress measurements using the hydrofracture technique [Zoback and Hickman, 1982] and from earthquake focal mechanisms [Talwani et al., 1978] . In Monticello ! and 2, the difference in magnitude between the two horizontal principal stresses is relatively small except at shallow depth where the greatest horizontal principal stress is substantially greater than the vertical stress. As discussed by Zoback 
SUMMARY AND CONCLUSIONS
In this paper, observations of the natural fracture distributions found in 10 wells from three different regions of North America have been presented. All but one of these wells were drilled in granitic rock. Numerous fractures were found throughout each well, and only a slight decrease of fracture density was observed with depth. Thus, from the data presented here, fractures in crystalline rock could probably be expected at depths far in excess of 1 km. In some wells, fractures seemed to be relatively uniformly distributed with depth, while in others they were primarily concentrated in densely fractured intervals.
At least one statistically significant concentration of fracture planes was found in every well. In the Mojave and Limekiln Valley wells, these significant fracture concentrations did not vary much with depth. However, in the Monticello wells, more variation of fracture orientation with depth was found. In all of the wells, most fractures were steeply digging, and few horizontal fractures were observed.
The fracture density in the wells was found to vary significantly within a given region due, apparently, to both differences in lithology (in the Mojave wells) and/or local structural or stress concentration effects (in the Monticello wells). The orientation of the most significant fracture concentration was also 
